The attainment of ultrahigh electric potentials by suppressing the stepped leader breakdown of a highly charged conductor levitated in a spiraling Taylor flow opens up the possibility of order of magnitude larger driver energies for the ignition of thermonuclear reactions by inertial confinement. In reaching gigavolt potentials, intense 10 16 Watt, GeV ion beams become possible.
Introduction
The main efforts in inertial confinement fusion research are at the present directed towards improved targets, rather than better drivers. The focus on targets is motivated by the still comparatively low energy of lasers as the most popular driver. Laser beams can be easily focused onto a small area. What stands against their good stand-off property, is that for a high gain the intense photon flashback from the ignited thermonuclear microexplosion can destroy the optical system needed for a repetition-rate operation. This problem adds to the poor laser efficiency. Generating a soft X-ray pulse by an electric pulse power driven wire array has a much higher efficiency, but a poor stand-off property. For that reason it is also not very suitable for a repetition-rate operation, because it would require replaceable transmission lines.
Back in 1968 I had proposed that ignition could be achieved by bombarding a small solid deuterium-tritium (DT) target with a 10 MJ -10 15 Watt (10 7 Volt, 10 8 Ampere) relativistic electron beam drawn from a large Marx generator [1] . Because the current is there well above the Alfvén limit, the beam would have to be propagated through a current neutralizing background gas, making it more difficult to focus it onto the target. More serious was the problem how to dissipate the beam energy within the small target. Because of these difficulties, a radically different approach was proposed at the same time. drive inertially confined thermonuclear micro-explosions. As mentioned, one way it conceivably can be done is by charging to gigavolt potentials a magnetically insulated conductor levitated in ultrahigh vacuum. This idea was elaborated in some further detail [2] . Here a quite different approach is proposed.
The Importance of High Voltages for Inertial Confinement Fusion
The reaching out for high voltages is of importance in the quest for the ignition of thermonuclear micro-explosions by inertial confinement for two reasons:
with an energy density This shows that for a given dimension of the capacitor measured in its length, and hence volume, the energy stored and power released goes in proportion to the square of the voltage.
2. If the energy stored in the capacitor is released into a charged particle beam with the particles moving at the velocity v, the current should be below the critical Alfven limit 
Electric Breakdown below the Paschen Limit as an Electrostatic Instability
According to Paschen's law the breakdown voltage in gas between two plane parallel conductors is only a function of the product pd, where p is the gas pressure and d the distance between the conductors. For dry air and a pressure of 1 atmosphere, the breakdown voltage is 3 10 6 V/m, 6 such that for a pressure of 100 atmospheres, it would be 3 10 8 V/m. In reality the breakdown voltage is much smaller. The reason is that by a small initial inhomogeneity in the electric field, more negative charge is accumulated near the inhomogeneity further increasing the inhomogeneity, eventually forming to a "leader", a small luminous discharge of electrons bridging part of the distance between the electrodes with a large potential difference. As a result a much larger electric field inhomogeneity is created at the head of the "leader", which upon repetition of the same process forms a second "leader", followed by a third "leader", and so on, resulting in a breakdown between the electrodes by a "stepped leader". This happens even though the electric field strength is less than the field strength for breakdown by Paschen's law.
What one has here is a growing electrostatic instability, triggered by a small initial electric field inhomogeneity. A preferred point for the beginning of a stepped leader is the field inhomogeneity near the triple point where the conductor, the gas and the insulator, meet.
Stabilization in a Drag-Free Taylor flow
It is known, and used in electric power interruptors that a high pressure gas jet under can blow out an electric arc discharge. Recognizing the breakdown below the Paschen limit as a growing electrostatic instability, it is conjectured that much higher voltages can be reached if the onset of this instability is suppressed by a gas flow, with the stagnation pressure of the flow exceeding the electric pressure in between the electrodes, thereby overwhelming the electric pressure of a developing electric field inhomogeneity. It is for this reason proposed to levitate a spherical conductor by both hydrodynamic and magnetic forces inside a Taylor flow [4] , a special dragfree spiral flow (see Fig.1 ). In the absence of horizontally directed drag forces on the sphere inside the spiraling Taylor flow, the sphere has still to be levitated in the vertical direction by an externally applied magnetic field. By its levitation, the triple point as the source of a field inhomogeneity is eliminated. What remains is how to charge the sphere to such a high electric potential. There seem to be two possibilities:
1. Similar as in a Van de Graaff generator, by letting a stream of positively charged pellets pass through of the sphere, releasing their charge in the center of the sphere.
2. By inductive charging in a rising magnetic field, releasing charges from the center of the sphere to the fluid flowing through the sphere in a duct [5] (see Fig. 1 ).
The highly charged sphere can be discharged over a spark gap, to be triggered by moving the sphere towards the wall with the help of the magnetic field holding the sphere in the center of the Taylor flow, until the pd product becomes smaller than the value where breakdown sets in below the Paschen curve. If the sphere is positively charged, and if the discharge current is larger than the Alfven current for electrons, (but smaller for ions), this will favor a discharge into an intense ion beam suitable as a driver for inertial confinement fusion.
Pure Deuterium Inertial Confinement Fusion
With no deuterium-tritium (DT) micro-explosions yet ignited, the ignition of pure deuterium (D) fusion explosions seems to be a tall order. An indirect way to reach this goal is by staging a smaller DT explosion with a larger D explosion in a mini Teller-Ulam configuration. A direct way for pure deuterium burn requires a driver with order of magnitude larger energies. It can be provided through the generation of GeV potentials.
Because the current needed for ignition is below the Alfven limit for ions, the beam is "stiff". The critical Alfven current for protons is well in excess of the critical current to entrap the DD fusion reaction products, a condition for detonation [6] . For a detonation in deuterium to occur the burn of the tritium and He³ fusion products of the D-D reaction is important [7] .
As shown in Fig. 1 , a gigajoule intense relativistic ion beam below the Alfven current limit can be released from a to GeV potential charged conductor inside the Taylor flow, and directed onto the D explosive for its ignition. For a proton beam, the breakdown from the charged conductor must be in hydrogen, with the beam propagating towards the target in a spacecharge neutralizing gas. Because the current needed for ignition is below the Alfven current limit for ions, the beam is "stiff". In a possible configuration shown in Fig.2 , the liquid (or solid) D has the shape of a cylinder, placed inside a cylindrical "hohlraum" h. A GeV proton beam I coming from the left, in entering the hohlraum dissipates part of its energy into a burst of X-rays, compressing the deuterium cylinder, and part of it igniting a detonation wave propagating down the cylinder.
With a gigajoule energy pulse lasting less than 7 
10
 s, the beam power is greater than 16 10 Watt, sufficiently large to ignite a deuterium detonation along the cylinder.
If the rod has the length z and the density ρ, the ignition condition for deuterium requires that ρz > 10 g/cm 2 , and that the deuterium is heated over this length to a temperature T  10 9° K.
Normally, the ρz condition is given by a ρr condition for the radius of a deuterium sphere. Here however, the radial entrapment of the charged D-D fusion reaction products, ensured by the magnetic field of the proton beam current in excess of 10 7 Ampere, reduces the ρr> 10g/cm 2 condition, to a ρz > 10g/cm 2 condition, which is much easier to achieve. The yield of the deuterium explosion then only depends on the total mass of the deuterium. 1 With both the beam and the target at a (initially) low temperature, the stopping length is determined by the electrostatic two stream instability [8] , which in the presence of the strong azimuthal magnetic field set up by the proton current, it is enhanced by the formation of a collisionless shock [9] . The stopping range of the protons by the two stream instability is given For the DT reaction one must have ρ  ≥ 1g/cm 2 and T> 10keV.
